Purpose The ability to identify and focus care to patients at higher risk of moderate to severe postoperative pain should improve analgesia and patient satisfaction, and may affect reimbursement. We undertook this multi-centre crosssectional study to identify preoperative risk factors for moderate to severe pain after total hip (THR) and knee (TKR) replacement. Methods A total of 897 patients were identified from electronic medical records. Preoperative information and anaesthetic technique was gained by retrospective chart review. The primary outcomes were moderate to severe pain (pain score ≥4/10) at rest and with activity on postoperative day one. Logistic regression was performed to identify predictors for moderate to severe pain. Results Moderate to severe pain was reported by 20 % at rest and 33 % with activity. Predictors for pain at rest were female gender (OR 1.10 with 95 % CI 1.01-1.20), younger age (0.96, 0.94-0.99), increased BMI
Introduction
Improvement of pain control is an international initiative promoted by multiple health organisations including WHO [1] . In the United States, the Department of Health and Human Services, National Institutes of Health, and the Institute of Medicine have joined to focus on hospitalbased pain control. A major component is identification of predictors of pain that may lead to individualised care and selective application of greater expertise in pain management such as acute pain services (http://www.iom.edu/activities/ publichealth/painresearch.aspc). Evidence based triage of patients is important due to cost concerns. Acute pain services are effective but may be relatively expensive with unfocused provision to all patients [2] . The ability to identify and focus care to patients at higher risk of moderate to severe postoperative pain should improve analgesia, improve patient satisfaction, and may affect reimbursement.
In the United States alone, approximately 436,000 total hip replacements (THR) and 680,000 total knee replacements (TKR) were performed in 2008 with an expected 673 % and 174 % increase expected by 2030 [3] . THR and TKR are typically painful procedures that have a variety of options for postoperative analgesia ranging from surgeon provided (e.g., local infiltration) to more intensive techniques (e.g., perineural catheters) requiring care from an acute pain service (APS) [4, 5] . Thus, these procedures may especially benefit from analgesic risk stratification to identify patients at risk for acute moderate to severe pain and to potentially optimise management. We undertook this multicentre cross sectional study to identify pre-operative risk factors for moderate to severe pain after THR and TKR.
Methods
This study was a multi-centre, cross-sectional, observational study involving Hospital for Special Surgery (HSS) in New York, Rush University Medical Center (Rush) in Chicago, Massachusetts General Hospital (MGH) in Boston, and Sunnybrook Health Sciences Centre (Sunnybrook) in Toronto. Other aspects from this same protocol have been previously reported [6] . Institutional review board approval was granted at all centres, and written informed consent was obtained from all included patients. From October 10, 2007 to March 15, 2010 , all patients between the ages of 18 and 99 who had undergone primary total hip or knee replacement were identified from electronic medical records. The primary outcomes were pain scores (00no pain to 100worst pain) at rest and with activity on postoperative day one. Moderate to severe pain was defined with a cutoff value of 4/10, as this has been previously identified as a value at which patients request additional analgesics, become unsatisfied with pain control, and have interference with functional activity [7] . Preoperative information was gained by retrospective chart review including patient demographics, co-morbidities, home medications, and anaesthetic technique. Standard perioperative management for each site is described in the Appendix.
Statistical analysis
Two identical but separate analyses were performed for moderate to severe pain at rest and with activity. Univariate analysis for differences between patients with and without moderate to severe pain was conducted by using chi-square or Fisher's exact tests for categorical variables, and t-tests or Mann-Whitney U tests for continuous variables according to the distribution of the data. Multivariate logistic regression based on the generalised estimating equations (GEE) method was built to identify the risk factors for moderate to severe pain. Unlike standard logistic regression, GEE logistic regression allows for dependence within clusters, presumably clustering by hospitals in this multi-centre study. Model fitting for multivariable logistic regression started with a full model comprised of an outcome variable of whether patients had moderate to severe pain on postoperative day one and all risk factors that were statistically or clinically significant in the univariate analysis, including gender, age, BMI, type of procedure (knee versus hip), severity of preoperative pain at the surgical site, preoperative use of opioids, anti-convulsants, and anti-depressants, smoking history, alcohol use, prior surgery at the surgical site, and general anaesthesia for both rest and activity regressions.
Backward elimination method was used for model selection. The QIC goodness of fit statistics was calculated for comparing different GEE models and the model with the smallest QIC was chosen. Odds ratio, 95 % confidence interval, and p-value were reported from the logistic regression. All statistical analyses were performed using SAS version 9.1.3 (SAS Institute, Cary, NC). Statistical significance was set at 0.05.
Results
A total of 897 patients were included in the study, and individual and composite study site demographics are displayed in Table 1 . Twenty percent of patients reported moderate to severe pain at rest and 33 % with activity on postoperative day one, and distribution of pain scores are displayed in Figs. 1 and 2. Potential predictors for moderate to severe pain are displayed in Table 3 ).
Discussion
We identified younger age, female gender, increased BMI, increased severity of preoperative pain at the surgical site, prior surgery at the surgical site, preoperative use of opioids, HSS Hospital for Special Surgery, MGH Massachusetts General Hospital, BMI body mass index, POD postoperative day, THR total hip replacements, TKR total knee replacements anti-depressants and anti-convulsants, use of general anaesthesia, and TKR vs. THR as risk factors for acute moderate to severe pain. These predictors may be clinically used to stratify analgesic risk of patients and assign greater resources to high risk patients. Some of these risk factors have been previously identified, which adds external validity to our findings. A recent observational study of 1,700 patients after mixed surgical procedures noted that female gender (OR 1.5) and younger age (OR 1.3) were risk factors for immediate acute pain in the recovery room [8] . A previous qualitative systematic review including 23,000 patients after mixed surgical procedures noted that preoperative pain and younger age were risk factors for increased postoperative pain [9] . This review also identified total joint replacement as a specific procedure associated with increased risk of postoperative pain, thus our specific analysis of risk factors after total hip and knee replacement addressed a high risk population. Poor postoperative pain control has multiple potential clinical implications. Severity of acute postoperative pain has been identified in several studies to increase risk of chronic postsurgical pain after THR and TKR [10] . A separately published analysis from this same protocol noted that 53 % of patients reported chronic postsurgical pain one year after TKR and 38 % of patients one year after THR [6] . More effective control of acute pain may decrease risk for subsequent development of chronic pain, as our separate analysis noted that for every unit improvement (1/10) in quality of acute postoperative pain control, as measured on a 0-10 (00worst, 100best) scale, the odds of developing chronic pain decreased by 10 %. Pain control is an important determinant of patient satisfaction, and improvement in postoperative analgesia should improve patient satisfaction [11] . Quality of patient satisfaction may subsequently carry financial consequences for reimbursement. In the United States, The Centres for Medicare and Medicaid Services plan to adjust hospital reimbursement in part based on patient satisfaction with pain control [12] .
After stratification for patients at analgesic risk, several multimodal clinical interventions are available for implementation. Patient education has been demonstrated to improve satisfaction with postoperative analgesia and has been incorporated into fast track recovery programs for multiple surgical procedures [13, 14] . Nursing to patient staffing ratios have been shown to affect perception of quality and patient satisfaction [15] . Thus, stratified patients may benefit from optimised nurse staffing ratios. Use of multimodal systemic analgesics such as NSAIDs, gabapentanoids, and ketamine have all been shown to reduce opioid use [16] and may be especially helpful in high analgesic risk patients.
Referral to specialised expert pain management from an acute pain service is an effective intervention. Referral to an APS allows use of higher acuity analgesic techniques such as regional analgesia techniques and multimodal analgesia which have been shown to be highly effective after THR and TKR [4, 5, 17] . However, such expert care also carries cost. A previous RCT that randomised unselected patients to routine versus APS postoperative analgesic care determined that use of APS provided more effective analgesia but required USD 546 for each additional day of highly effective analgesia versus routine care [2] . The ability to direct such costly services in an evidence-based fashion would likely be beneficial. This expert analgesic care can be extended beyond the immediate postoperative care with demonstrated benefit. Recent publications have observed that seamlessly continuing expert pain management beyond the in-patient phase via telephone and outpatient clinic management for several weeks after surgery can improve patient satisfaction from 91 % to 99 % as measured by the commonly used Press Ganey™ survey [18] .
Mechanisms for the identified predictors are speculative. Female gender, younger age, and increased BMI have been inconsistently identified as a risk factor for several different surgical procedures and underlying mechanisms are uncertain [9, 19, 20] . Other risk factors such as home use of opioids and anticonvulsants, prior surgery on the hip and knee, and greater preoperative severity of pain at the hip or knee may reflect greater severity of underlying pathology, central or peripheral sensitisation to preexisting nociception from the hip or knee [21] , or opioid induced hyperalgesia [22] . Preexisting depression as reflected by home use of antidepressants has been previously described as a risk factor for severity of postoperative pain [9, 19] . Finally, the protective effect of regional versus general anaesthesia may reflect beneficial effects of preventive analgesia [21] .
There are limitations to our study. Typical of any crosssectional study is that only a single period in time (postoperative day one) was considered, and future longitudinal studies would be welcome. Our analysis was observational and can only determine associations between risk factors and severity of acute pain. Future studies are needed to determine efficacy of interventions to treat acute pain after total hip and knee replacement and longitudinal effects of such treatment on patient satisfaction and development of chronic pain.
In conclusion, our findings provide clinical guidance for preoperative selection of patients for more intensive management including education, nursing staffing, and referral to specialised pain management including regional analgesia, multimodal analgesia, and potential aftercare follow up. Identification and optimised management of high risk patients should improve quality of analgesia and patient satisfaction scores.
